Preweaning mortality risks, recorded death reasons and related factors for preweaning mortality were studied in 105 breeding herds. Preweaning mortality risk at the herd level was calculated as the difference between the number of pigs born alive in farrowed litters and the number of weaned pigs divided by the number of pigs born alive in litters that farrowed and weaned. The mean of annual preweaning mortality risk was 10.7%. In regression analysis, higher mortality risks were associated with higher parity at farrowing, greater numbers of pigs born alive, and longer lactation length. The period from July to September had a higher mortality risk than that from April to June. The means of cause-specific proportional mortality ratios (PMR) in trauma with low viability and scours were 80.4 and 6.2%, respectively. Sows with pig age 0-1 day during lactation had the highest daily PMR. Sows with pig age 0 to 7 days had higher PMR due to trauma and low variability than those with pig age 8 days older. Sows with pig age over 7 days had higher PMR due to scours than those with pig age 0-7 days. Careful management at farrowing and in early lactation on high parity sows with large litters should be considered to prevent piglets from death due to trauma and low viability, and appropriate herd health programs should be implemented for reducing preweaning mortality due to scours during late lactation.
Preweaning mortality risks varied among countries between 11.5 and 18.6% [2] . Preweaning mortality is a major limiting component of herd reproductive productivity and profitability, because it is highly related to pigs weaned per sow per year, which is a principal determinant of productivity in breeding herds [3, 15] . It is important for producers and veterinarians to understand when pigs die during lactation and what are possible causes to effectively control preweaning mortality risk.
Greater numbers of pigs born alive, parity, and cold months were possible factors associated with high preweaning mortality risk in the U.S.A. [3] . Additionally, a relationship between the number of pigs born alive and preweaning mortality risk was indicated to be curvilinear and shows the highest mortality risks in small and large litters [4] . Few studies on factors associated with preweaning mortality risks in Japan were reported.
A previous study found that the cause-specific proportional mortality ratios (PMR) of dead pigs before weaning were low viability (29.7%), trauma (33.8%), deformed (5.5%), scours (12.2%), infection (8.1%), and the others (10.7%) in the U.S.A. [19] . A possible risk factor for pig deaths due to trauma was suggested to be pig ages in lactation [3] . However, an association between pig ages and mortality risks was not well previously reported. For example, few researchers reported the relative importance of day 1 in lactation was for pig deaths. It was also pointed out that deaths due to trauma were more likely to be misclassified with deaths due to low viability. Thus, simplifying the categories was strongly recommended [19] .
The objectives in this study were to estimate preweaning mortality risk at the herd level; to determine whether herd size, average lactation length, parity, and season were asso-ciated with preweaning mortality risk; and to observe PMR and associations of PMR with parity, season, and pig age at death during lactation in commercial herds in Japan.
MATERIALS AND METHODS

Data calculations and parameters assessed:
At the herd level, preweaning mortality risk (%) was defined as the calculated number of pigs that died before weaning divided by the number of pigs born alive in farrowed and weaned litters during a year × 100. The calculated number of dead pigs before weaning was the difference between the number of pigs born alive and the number of weaned pigs of litters farrowed and weaned. This calculation was based on herds or groups that have been weaned or had finished being nursed during a period, and did not depend on the accuracy of pig deaths recordings and foster events [12] . The PMR at the herd level was also defined as the number of deaths due to a specific cause divided by the total number of deaths [5] .
Participating herds and selection criteria: Approximately 130 herds using PigCHAMP software were requested to mail their data files to the School of Agriculture, Meiji University when they purchased the software or renewed their yearly maintenance contract in 2001. By August 31, 2002, we received 107 files. Of these 107 herds, two were grow-to-finish operations, and were not used. Thus, 105 herds were used for further analyses. These 105 herds represented 1.3% of swine herds with 3.2% of sow inventories in 2001 of Japan.
Death cause categories: The five simplified categories were (1) Trauma and low viability, (2) Scours, (3) Deformed, (4) Other diseases and (5) the Unclassified. We combined "Low viability" with "Trauma" because produc-ers commonly misidentify low viability and trauma [19] . The discrepancy (%) was also calculated as the number of dead pigs with death causes divided by the numbers of the dead pigs in each herd.
Datasets: Three data sets for preweaning mortality risks during 2001 were extracted from each herd record: (1) annual preweaning mortality risk and other production measurements (dataset 1); (2) preweaning mortality risk by parity group (dataset 2); and (3) preweaning mortality risk by four 3-month periods (dataset 3). Numbers of pigs born alive and dead pigs at birth by farrowed season and parity groups were also extracted (datasets 2 and 3). Four parity groups were formed: 1, 2, 3 to 5, and > 6. This categorization was made by a previous study indicating low, mid or high parity [9] . The months in which sows farrowed were grouped into four periods (seasons) [9] .
Three datasets for PMR of death causes recorded by producers on each farm were also extracted by parity (dataset 4), season (dataset 5), and pig age at death during lactation (dataset 6). Pig ages at death during lactation were extracted by the four groups: 0 to 1, 2 to 7, 8 to 14, and 15 days or older. To obtain a daily PMR (lactation in a day), PMR from 2 to 7 days was divided by 6, and PMR from 8 to 14 days was divided by 7. PMR from 15 days or older was divided by the average lactation length subtracted by 14.
Statistical analysis: The observational unit was the farm in all analyses. Summary statistics and frequency distributions were obtained using SAS [14] . Backward stepwise regression analysis [14] was performed to determine key production factors associated with annual preweaning mortality risk in the REG procedure (dataset 1). Possible herdlevel factors for preweaning mortality risk were: average breeding-female inventory, lactation length, parity of farrowed sows [6] , the number of dead pigs at birth, gestation length, and the number of pigs born alive [3] . The variance inflation factor of each independent variable was calculated to check collinearility [7] . Quadratic expressions and 2-way interactions of all variables of the independent variables remaining in the first model were then examined. Non-significant variables (P>0.05) were eliminated from the model. Normality of the residuals from the final regression model was confirmed by using the Shapiro-Wilk normality test in the Univariate procedure [14] .
An arcsin transformation was done for PMR, and a root transformation was performed for the number of dead pigs to use as a dependent variable in statistical models for comparisons [7] , because those values were not normally distributed. After analyses, a back-transformation of both data and SEM was performed before presenting those in Tables. Analyses of variance were then used for comparisons of pigs born alive and dead pigs at farrowing between parity (dataset 2), and season (dataset 3) groups in the MIXED procedure [10] . Separate analyses of variance were also used for comparisons of mortality risks and PMR within subgroups in the Mixed procedure (datasets 4, 5, and 6). Tukey-Kramer multiple post hoc comparisons were used to compare the means of the subgroups. The herds were located around Japan, and the regional blocks were used as random effects in this study because a random sample of a large set of population levels was represented. Table 1 shows descriptive statistics for annual preweaning mortality risk and explanatory factors. The mean annual preweaning mortality risk was 10.7% (0.34 SEM). Figure 1 shows the frequency distribution (%) of annual preweaning mortality risks in swine breeding herds.
RESULTS
The variance inflation factors were between 1.001 and 1.008 before the quadratic expression and interactions were added to the models. In the regression analysis, higher mortality risks were associated with greater numbers of pigs born alive, longer lactation length, higher parity at farrowing and an interaction between lactation length and pigs born alive (P<0.05; Table 2 ), but not with herd size, gestation length, and the number of dead pigs at farrowing (all P>0.10). The model R 2 value was 0.36 in the final model. The Shapiro-Wilk statistic for the residual of the final model ( Table 2 ) was 0.98 (P=0.65). Sows with parity 3 or higher produced more pigs born alive, and were at higher risks of preweaning mortality than parity 1 and 2 sows (P<0.05; Table 3 ). Additionally, parity 6 or higher sows had the highest number of dead pigs at farrowing among parity groups. Sows farrowed from July to September were also at higher risks of preweaning mortality than those from April to June, while sows farrowed from April to June produced the lowest number of dead pigs, and were at the lowest risk of preweaning mortality (Table 3 ). Table 4 lists descriptive statistics in cause-specific PMR of dead pigs before weaning. The trauma combined with low viability and scours categories were 80.4 and 6.2%, respectively. The mean percentage of discrepancy between the calculated numbers of the dead pigs at herd level and the number of dead pigs with death causes recorded by producers was 86.4 (2.09 SEM)%. Table 5 shows age group-specific PMR and daily PMR. Pig age groups 0-1 and 2-7 days in lactation had higher PMR than pig age groups 8-14 and 15 days or older in lactation (P<0.05). Pig age groups of 0-1 day had the highest daily PMR (P<0.05). Table 6 summarizes cause-specific PMR by parity, season and pig age groups. Party 3 to 5 and ≥ 6 groups had higher PMR in the trauma combined with low viability than parity 1 to 2 groups (P<0.05). No differences in the trauma combined with low viability were found between the four season groups. In the scour category, sows farrowed from July to September had a higher PMR than those from January to March (P<0.05).
The cause-specific PMR of dead pigs with age group 0-1 day in lactation was higher in the trauma and low viability category than those with pig age 8 days or older (P<0.05). The PMR of scours increased from pig age 0-1 to 8-4 days in lactation (P<0.05).
DISCUSSION
Our study showing greater numbers of pigs born alive associated with higher mortality risks was consistent with a positive correlation between the two variables in a previous report [21] . However, our finding disagreed with a reported curvilinear relationship between pigs born alive and preweaning mortality risks that showed the highest mortality risk was in small and large litters [4] . Our linear relationship indicated the highest mortality risk increased as the number of pigs born alive increased. Current fostering techniques to minimize variations in litter sizes and weights within 2 days after birth [3, 16] may change the relationship between the number of pigs born alive and preweaning mortality risk.
Longer lactation length associated with higher mortality risks in our study agreed with positive relations in previous studies on North American herds [6, 21] . Longer lactation length may simply indicate more days to die. Producers using short lactation lengths may also be using better man- a)-c) Means (± SEM) with different superscript letters within a column differ (P<0.05). 1) Four herds had no records of pig age at death. agement practices for pigs during nursing than those using longer lactation lengths [6] . Additionally, our regression analyses showing the 2-way interaction may indicate a complicated relationship between lactation length and pigs born alive with preweaning mortality risk. For example, shorter lactation length on herds using early weaning was associated with fewer numbers of pigs born [9] and lower preweaning mortality risk [6] . Our findings showed that high parity sows produced more pigs born alive and were at higher risks of preweaning mortality than low parity sows. These findings were consistent with a previous report showing the highest mortality risk in parity 7 or higher sows and the lowest mortality risk in parity 2 sows on U.S A. herds [8] . As the numbers of pigs born increased, birth weights decreased, and the number of small pigs in a litter increased [3] . Aged sows produced large litters with pigs of uneven sizes, and had a high incidence of crushing [20] . Larger variation in birth weight of pigs was associated with higher preweaning mortality risk [11] . Therefore, high parity sows have higher preweaning mortality risks than low parity sows.
Our findings showed higher preweaning mortality risks in summer than in spring, and a higher mortality risk of pigs due to scours in summer than in winter. This finding was consistent with our observations in other studies using data from 2002 to 2003 (unpublished data). These findings disagreed with previous researchers suggesting that preweaning mortality risk was highest during winter and fall months because of low ambient temperatures and cold stress [3] . Country differences may exist in seasonal changes due to climate, housing technology and management during lactation.
Our analyses showed that deaths due to trauma and low viability contributed most to preweaning mortality risk throughout lactation. To reduce preweaning mortality risk, it is necessary to control death occurrences due to trauma and low viability.
Our analysis of daily deaths confirmed that day 1 of lactation was the most important to reduce preweaning mortality risk. Crate design and floor type can affect lying down behaviors and improve preweaning mortality risk [1, 18] , because slower lying down in sows reduce the crushing of pigs. Supplemental heating may also help pigs to survive in early lactation [3] .
Scours due to E-coli or porcine reproductive respiratory syndrome occurred more often during late lactation than early lactation [17] . Higher proportions of scours in dead pigs with age group 15 days or older than those with age group 0-7 days may be explained, in part, by maternal immunity disappearing after farrowing [17, 22] . Lower PMR in pigs due to scours in parity 6 or higher groups than in parity 1 sows also suggests that low parity sows have less maternal immunity than high parity sows.
In conclusion, it is recommended that producers improve pen designs and floor materials, and carefully manage in temperature controls to prevent pig deaths due to trauma during farrowing and in early lactation. Additionally, high parity sows with large litters should be observed, and appropriate management in herd health should be implemented to reduce preweaning mortality risk due to scours during late lactation in low parity sows.
As the limitation of this observational study, we used PMR, because one of our objectives was to simply observe the relative importance of a specific cause of death in pigs before weaning [5] . The PMR in some case-control studies were pointed to have ambiguities in true exposures to be interpreted [13] . Another limitation may be the lack of information on genotype, housing and environment. Even with these limitations, we provided producers and veterinarians with valuable information on preweaning mortality risk for improving herd reproductive productivity.
